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Abstract: Online, continuous two phase flow measurements is often necessary for analysis of the two phase flow particularly in 
oil and gas, nuclear energy and chemical processing industries. Reliable measurements of void fraction and flow pattern 
identification are important for accurate modeling of two phase systems.  Void fraction is one of the most important parameters 
used to characterize two-phase flows. It is the key physical value for determining numerous other important parameters, such as 
the two-phase density and the two-phase viscosity, for obtaining the relative average velocity of the two phases and is of 
fundamental importance in models for predicting the flow pattern transitions, heat transfer and pressure drop. Experiments are 
performed in atmospheric vertical air-water flows for void fraction measurement between the pipe size of 12.5mm diameter to 
4.5mm diameter to  emphasize on developing the measuring techniques of two-phase flow void fraction by using ‘Conducting 
probe circuit’ which uses a ‘needle probe’ for measurement of void fraction in an air lift loop. The process involves the 
immersion of probe tip in two phase mixture in order to detect the two phases instantaneously present at the tip and the 
corresponding readings for the measurement of void fraction are obtained from the processing circuit. 
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1. Introduction  
Past few decades have seen a rapidly growing awareness for plant safety mainly driven due to the concern for the 
environment and increasing pressure to achieve high plant reliability and cost reduction. Engineers or Scientists are 
no longer concerned only regarding the efficiency of a process or a plant but also about its reliability. The possible 
elimination of the moving parts from working system by exploiting a suitable natural phenomenon has emerged as 
an obvious alternative. This explains why the applications of BICLs (Buoyancy Induced Circulation Loops) are 
gaining so much popularity in diverse engineering systems. One category of circulation loops without any prime 
movers are operated by density difference in a fluid by bringing about changing the concentration or composition of 
the fluid. Air-Lift Loops (ALLs) can be cited as one successful implementation of this principle. ALLs in general, 
have two or three vertical limbs connected by short horizontal connections at the top and at bottom. The loop 
connection, also known as a separator, has a free surface open to the atmosphere, while the bottom connection is a 
closed passage. Air injected at the lower end of one or two of the vertical limbs (denoted as riser) rise up through it 
due to buoyancy. The air drags its surrounding liquid along with it during its upward motion. Air separates out in the 
separator but it imparts enough momentum to this liquid so that the liquid can complete the loop flowing down 
another vertical limb(s) (termed as down comer). These loops are extensively used in chemical and power process 
industries. The experimental facility consists of an adiabatic air lift loop associated with multiple risers with 
necessary instrumentation consists of a data acquisition system ,ultrasonic flow meter for the measurement of water 
flow rate,  rotameter for the measurement of airflow rate and pressure transducers for the measurement of two phase 
pressure drop Void fraction is one of the most important parameters used to characterize two-phase flows. It is the 
key physical value for determining numerous other important parameters, such as the two-phase density and the 
two-phase viscosity, for obtaining the relative average velocity of the two phases and is of fundamental importance 
in models for predicting the flow pattern transitions, heat transfer and pressure drop.                                                        
The present work is carried out to study the hydrodynamic behavior of the Air Lift Loop for different air flow 
rates and different levels of water in the separator tank.  Use Ultrasonic Doppler Flow meter and measure the 
discharge through the downcomer of .Observe different Two-phase flow patterns of a water and air mixture in the 
Air Lift Loop. Use Conducting Probe technique to estimate void fraction at different levels of water for different 
flow rates of air. Using the Experimental Results analyze the variation of Void Fraction with the change in level of 
water in the experimental setup for different air flow rates. 
1.1. Experimentation 
 
The experimental facility consists of an adiabatic air lift loop associated with multiple risers with necessary 
instrumentation consists of a data acquisition system ,ultrasonic flow meter for the measurement of water flow rate, 
rotameter for the measurement of airflow rate and pressure transducers for the measurement of two phase pressure drop . 
 
The present work is carried out to study the hydrodynamic behavior of the Air Lift Loop for different air flow 
rates and different levels of water in the separator tank. 
 
 
 
1.2. Experimental Facility  
The experimental facility consists of an adiabatic Air Lift   Loop, associated instrumentation and Data 
Acquisition System (DAS). The description of this is given in the following sections. 
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1.2.1 Adiabatic Air-Lift Loop (ALL) 
 
The schematic diagram of the adiabatic ALL indigenously designed and fabricated for the purpose of the present 
experiment is shown in Fig 1. It is a vertical, rectangular, open type, internal Air-Lift device. The loop consists of 
the following components: Two risers, one down comer, lower horizontal section and separator. All components 
including separator are made of transparent acrylic resin (Polyacrylic mythacralate) that allows direct visualization 
of the flow pattern throughout the loop. The riser and the down comer are vertical tubes of circular cross section 
having identical diameters. They are connected at the bottom by a short horizontal section of same diameter. At the 
top, they are connected to a rectangular, gas-liquid separator, which is open to atmosphere. The details of loop 
geometrical dimensions are tabulated inTable 1. A gate valve at the bottom most portion of the loop serves for both 
filling up and draining of the liquid. Air and water are used as the test fluids. A twin cylinder air compressor has 
been used for the continuous air supply at constant pressure (2 bar at the delivery of the compressor) and at desired 
flow rate. Compressed air from the compressor passes through the rotameters in sequence before being injected in to 
the loop. 
 
Air flow rate was controlled by the gate valves and fine controlling of air flow rate has been achieved by 
simultaneous operation of inline and bypass valves. Six calibrated rotameters (range of 6-250 lpm, 6-200 
lpm and 0-10 lpm) of different ranges suitable for the range of operation of the present investigation were 
used. 
 
                      
                                        Figure 1: Experimental Setup for Air Lift Loop 
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For supply of air into the sytem a sparger is used. Care has been taken in designing the sparger in order to provide 
uniform mixing of air with water and to avoid any slug formation at the inlet. The sparger is made, attaching a closed 
annular jacket of diameter 140 mm over the riser tube. The riser tube inside this sparger has been provided with a 
number of slots of 2 mm width and 270 mm height. An artificial fabric of high porosity has been wrapped over this 
inner tube. air in the riser tube in the form of small diameter bubble through the porous fabric. Smooth rounded riser 
exit and downcomer entry has been provided to minimize the exit and entry losses. 
 
For a particular level of water, air flow rate of low value is allowed through the loop. Once all the readings for a 
particular air flow rate are completely taken, a higher air flow rate of air is set. Air flow rate was varied from 0.166 x 
10-4 m3 /s (1 lpm) to 3.33 x 10-3 m3 /s (200 lpm). Apart from the air flow rate the water level or the total liquid 
inventory in the loop is also another parameter of study. 
 
In the next series, experiments have been done with lower liquid inventory. Observations of both of these sets of 
operations are described below. 
 
 2. Measurement Methods 
  2.1 Void Fraction Measurement Methods 
Void fraction can be measured using a number of techniques, including radiation attenuation (X-ray or 
neutron beams) for line or area averaged values, optical or electrical contact probes for local void fraction, 
impedance technique using capacitance sensors and direct volume measurement using quick-closing valves. The use 
of the different techniques depends on the applications, and whether a volumetric average or a local void fraction 
measurement is desired. The radiation attenuation method can be expensive and from a safety aspect difficult to 
implement, while intrusive probes disturb the flow field. On the other hand, the impedance measurement technique 
is practical and cost-effective method for void fraction measurement. The technique is non-intrusive and relatively 
simple to design and implement. Impedance or capacitance sensors have been used successfully to measure time and 
volume averaged void fraction, and its instantaneous output signal has been used to identify the flow pattern. 
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  Fig 2: Processing Circuit for Void Fraction Measurement 
 The design of the processing circuit is as critical as the probe itself. The processing circuit consists of 5 modules: 
x Weinbridge oscillator module 
x Wheatstone bridge 
x Amplifier 
x Precision rectifier 
x Low pass filter 
2.2 Ultrasonic Method: 
The ultrasonic technique for measuring void fraction employs the higher relative acoustic impedance of air with 
respect to that of liquids. By this method it is possible to determine both liquid film thickness and void fraction in a 
two-phase flow. Ultrasonic methods have the advantage, compared to other   void fraction measurement techniques, 
of applicability to large volume objects, since most radiation techniques are limited by the thickness of the pipe 
walls. 
2.3 Experimental Procedure 
 
For experimental study, the loop is filled with water up to a pre- determined height. Air from the compressor is 
supplied to the loop. Pressure, temperature and flow rate of air is monitored. Keeping the air flow rate constant the 
loop is allowed to run for certain time. Then signal from measuring instrument installed in the loop are recorded 
continuously. Visual observation of the flow phenomenon has been made and noted down. Post processing of the 
signal has been made after they have been recorded. 
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3. Results and discussions: 
3.1 Void Fraction Readings When Height of Water in Separator Is 15cm 
 3.1.1 Flow Regime: No Two-Phase Flow (No Air Flow in Riser) 
 
 
Table 1: Voltage fluctuations when the level of water is 10cm in the Separator while measuring the void      
 
               fraction (air flow rate 0LPM) 
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Graph 1: Voltage V/S Time when there is no air flow & when the level of water is 10cm in the Separator while                   
                 measuring the void fraction (air flow rate 0LPM) 
 
3.1.2 Air Flow Rate: 5 LPM 
Table 2: Voltage fluctuations when the level of water is 10cm in the Separator while measuring the  
     void fraction (air flow rate 5LPM) 
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Graph2: Voltage V/S Time When The Level Of Water Is 10cm In The Separator While Measuring The Void Fraction.     
              (Air Flow Rate 5LPM). 
 3.1.3   Void Fraction Readings When Height of Water in Separator Is 5cm  
            Air Flow Rate:  3 LPM  
Table 3: Voltage fluctuations when the level of water is 5cm in the Separator while measuring the  
               void fraction (air flow rate 3LPM). 
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Graph 3: Voltage V/S Time when the level of water is 5cm in the Separator while measuring the  
                void fraction (air flow rate 3LPM). 
 
           3.1.4 Air Flow Rate: 4lPM 
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Table 4: Voltage fluctuations, when the level of water is 5cm in the Separator while measuring the 
               void fraction (air flow rate 4LPM) 
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Graph 4: Voltage V/S Time when the level of water is 5cm in the Separator while measuring the  
                void fraction (air   flow rate 4LPM). 
 
          3.1.5   Air Flow Rate:  6LPM 
         Table 5: Voltage fluctuations, when the level of water is 5cm in the Separator while measuring the 
                          void fraction (air flow rate 6LPM) 
 
 
             
Graph 5: Voltage V/S Time, When The Level Of Water Is 5cm In The Separator While Measuring The 
                 Void Fraction (Air Flow Rate 6LPM).  
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3.1.6 Air Flow Rate:  8LPM 
Table 6: Voltage Fluctuations, When the Level of Water Is 5cm In The Separator While Measuring 
               The Void Fraction (Air Flow Rate 8LPM) 
 
 
 
 
        Graph 6: Voltage V/S Time For, When The Level Of Water Is 5cm In The Separator While Measuring The  
                           Instructions to Authors for Word Template 
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It is observed from the experimental results that as the airflow rate increases in the risers: 
 
a) The mass flow rate of water in the downcomer increased.  
b) The two phase pressure drop decreased.  
c) Further it is also found from the present study that influence of the liquid level in the two phase separator, 
on the two phase pressure drop and mass flow rate of water in the downcomer is negligible compare to 
other effects.  
d) With the increase of air flow rate, the void fraction through the riser and the circulation rate through the 
loop also increases 
4. Conclusion 
The indigenously designed and fabricated experimental facility constitutes an external Air Lift Loop. This is 
fully instrumented with arrangements for the measurement of air flow tare, circulation rate, local void fraction 
and pressure drop. All the measurements were done online with the help of a pc based Data Acquisition System. 
The demonstration of various Flow regimes is done by varying the air flow rate in the Air Lift Loop. With 
normal liquid level, it was observed that the performance of the Air Lift Loop was much influenced by the air 
flow rate but relatively insensitive to the variation of liquid level. With the increase of air flow rate, the void 
fraction through the riser and the circulation rate through the loop also increases. With the increase of air flow 
rate, the associated increase in void fraction decreases the gravitational component of the pressure drop.  
REFERENCES 
Jaewoo Shim W And Chul Hee Jo, 2000, “Analysis of Pressure Fluctuations in Two Phase Vertical Flow in Annulus”, Industrial and 
Engineering Chemistry, VI, 3, 167-173. 
Ribatski G And J.R.Thome, 2005, “Dynamics of Two Phase Flow Across Horizontal Tube Bundles”, Thermal Engineering, IV, 2, 122-131. 
Vijayarangan, B.R , S. Jayanti And A.R. Balakrishnan, 2007, “Pressure Drop Studies on Two Phase Flow in a Uniformly Heated Vertical 
Tube at Pressures up to the Critical Point”, Heat and Mass Transfer 50, 1879-1891. 
Yun B.J., K.H. Kim, G.C. Park And C.H. Chung, 1992, “A Study on the Measurement of Local Void Fraction”, Korean Nuclear Society, 
XXIV, 2, 168-177 
31 October – 5 November 1993, Symposium on “Measurement of Local Void Fraction at Elevated Temperature and Pressure”, Presented at 
3rd World Conference on Experimental Heat Transfer, Honolulu, Hawai, USA 
